The majority of thymocytes in suspension (72.1 %) formed nonimmune roseUes with guineapig erythrocytes but not with erythrocytes from sheep, cats, dogs, pigs, or man. In contrast, only a minority of cells from lymph node (2.1 %) or spleen (1.4%) roseUed with guinea pig erythrocytes. Treatment of guineapig erythrocytes with neuraminidase or 2-S-aminoethyl-isothiouronium bromide did not enhance rosette formation. Adherence of the erythrocytes to tissue sections was achieved in the thymic cortex and T-cell-dependent areas of lymph node and spleen. Absorbed equine anti-rat antithymocyte serum bound 98% thymocytes and 70·0, 35·1 and 44·6% lymphocytes from peripheral blood, spleen and lymph nodes respectively.
Identification of rat T and B lymphocytes by surface marker analysis
The majority of thymocytes in suspension (72.1 %) formed nonimmune roseUes with guineapig erythrocytes but not with erythrocytes from sheep, cats, dogs, pigs, or man. In contrast, only a minority of cells from lymph node (2.1 %) or spleen (1.4%) roseUed with guinea pig erythrocytes. Treatment of guineapig erythrocytes with neuraminidase or 2-S-aminoethyl-isothiouronium bromide did not enhance rosette formation. Adherence of the erythrocytes to tissue sections was achieved in the thymic cortex and T-cell-dependent areas of lymph node and spleen. Absorbed equine anti-rat antithymocyte serum bound 98% thymocytes and 70·0, 35·1 and 44·6% lymphocytes from peripheral blood, spleen and lymph nodes respectively.
Surface immunoglobulin was demonstrated on 2·2% thymocytes, 35% peripheral-blood lymphocytes and 43 and 51 % cells from lymph nodes and spleen respectively. Complement receptors were determined in suspension with erythrocyte-antibody-complement complexes. Rosetting was observed in 44% splenic, 29% lymph node and 3% thymocyte cellular suspension. The presence of Fc receptors for IgG was assessed by determining the pattern of binding of erythrocyte-antibody complexes to frozen tissue sections. For rats, antithymocyte serum is the method of choice for T cells, whereas Sig determination is the most reliable B-cell marker.
Enumeration of thymus-derived (T) and bursal-origin (B) lymphocytes can be accomplished by analysis of cell-surface markers characteristic of the 2 different lymphoid populations. Many of these markers were originally identified in murine or avian systems. For rats, several T -cell-specific antigens have been determined (Bachvaroff, Galdiero & Grabar, 1969; Douglas, 1972; Lubaroff, 1973; Micheel, Pasternak & Steuden, 1973; Peter, Clagett, Feldman & Weigle, 1973; Balch & Feldman, 1974) , and their distribution in rat T-cell subpopulations has been extensively studied (Clagett, Peter, Feldman & Weigle, 1973; Zeiller & Dolan, 1972; Acton, Morris & Williams, 1974; Douglas & Dowsett, 1975; Goldschneider, • Present address: Department of Pathology, A622 East Fee Hall, Michigan State University, East Lansing, Michigan 48824, USA.
Received 16 March 198J.Accepted 17Ju(v 1981 . 1975 , 1976 Williams, 1976) . Many studies using antisera have employed cytotoxicity (Colley, Malakian & Waksman, 1970) or immunofluorescence methods. Antisera used have included heterologous anti-rat lymphocyte (Goldschneider & McGregor, 1973) , thymocyte (Balch & Feldman, 1974; Colley et al., 1970; Goldschneider & McGregor, 1973; Potworowski In spite of these studies, reliable and uncomplicated assays for differentiation of rat T and B lymphocyte have not been developed. We reported previously that methylnitrosourea (MNU) induced thymic lymphomas in rats (Koestner, Rucker & Koestner, 1977) . Although preliminary studies of these lymphomas strongly suggested their T-cell origin, further characterization and identification of these lymphoreticular neoplasms is necessary. To accomplish this, it is essential to establish methods for identifying rat T and B lymphocytes.
Materia]s and methods Animals
Fisher and Sprague-Dawley rats of 3-6 months old (Charles River Breeding Company, North Wilmington, USA) were used.
Preparation of lymphocyte suspensions
Thymus, spleen and lymph nodes were removed at necropsy and immediately processed by mincing in Hank's balanced salt solution (HBSS), filtration through gauze, washing in HBSS, and resuspending in minimum essential medium containing spinner salts supplemented with 20% foetal-calf serum (MEM-S/20% FCS). The cell number was adjusted to the desired concentration, usually ] x 10 6 cells/ml for wet preparations and 5 x ]0 6 cells/ml for smears.
Isolation of lymphocytes from peripheral blood
Lymphocytes were obtained by density centrifugation (Boyum, ] 968) of heparinized peripheral blood (PBL). The resulting white blood cell population consisted of 94-99·6% lymphocytes. The lymphocytes were resuspended in MEM-S/20% FCS at ] -5 x 10 6 cells/m1.
Tissue sections
Tissues were either frozen and cut on a cryostat for immediate use or snap-frozen in liquid nitrogen and stored at -70°C for later sectioning.
T-/ymphocyte markers
Horse anti-rat thymocyte serum (ATS) was prepared and tested for its immunosuppressive effect by prolongation of graft survival (Denlinger, Swenberg, Koestner & Wechsler, 1973) . Prior to use, 10 ml of ATS was mixed with 1 g prewetted rat -liver powder and incubated, with agitation, overnight at 4°C. Liver powder was removed by centrifugation and the absorbed serum was filtered through a 20 pm filter before use.
Cytotoxicity. Serial 2-fold dilutions of O· 1 ml heatinactivated ATS in veronal buffer (VB) were prepared in V-bottom microtitre plates (Cook Engineering, Alexandria, USA). An equal amount of cell suspension (1 x 10 6 /ml) was added, and the mixture was incubated at room temperature for 45 min. After incubation the plates were centrifuged at 200 g for 3 min. The supernatant was removed and 0·1 ml of guineapig complement (GPC) diluted 1 : 3 in VB was added. Cells were resuspended and incubated for 1 h at 37°C. Cell suspensions were examined for viability using the try pan blue dye exclusion method.
Immunofluorescence. T antigens were identified by indirect immunofluorescence.
0·1 ml lymphocyte suspensions in concentrations of 1 x 10 7 /ml and 5 x 10 7 /ml were incubated with an equal amount of appropriately diluted ATS in HBSS or HBSS alone, at 4°C for 30 min. The cells were washed twice with HBSS and O· 1 ml fluorescein-conjugated rabbit anti-horse immunoglobulin serum (Cappel Laboratories, Cochranville, USA) was added. The cells were resuspended in MEM-S/S% FCS. Resuspended PBL were processed identically. 1 drop of this suspension, using the lower concentration, was placed on a slide, covered with a glass coverslip which was sealed with nail polish, and examined immediately. Smears for post-fixation examination were prepared by the method of Preud'hommer & Labaume (1976). The percentage of immunofluorescent cells was determined by counting 200 or more cells. Only cells presenting 50% or more surface immunofluorescence were considered positive. E-rosette assay. Erythrocyte-rosette formation of rat lymphocyte suspensions or PBL was performed using guineapig erythrocytes (GPE) (Cockerell, Krakowka, Hoover, Olsen & Yohn, 1976) and also by substituting GPE with erythrocytes from cat, dog or sheep, or by pretreating GPE with 40 U/ml neuraminidase (General Biochemicals, Chagrin Falls, USA). GPE were also treated with the sulphydryl compound 2-S-aminoethyl-isothiouronium bromide (AET; Sigma Chemical Co., St Louis, USA) (Pellegrino, Ferrone, Dierich & Reisfeld, 1975) . The percentage of rosetteforming cells was determined by counting 200 or more cells in a haemocytometer. A rosetting cell was defined as a viable lymphocyte with 3 or more adherent erythrocytes.
Specificity of E rosettes for rat T cells was determined by blocking experiments with absorbed ATS. Serial 2-fold dilutions of O· I ml of ATS in MEM-S/20% FCS were mixed with an equal volume of lymphocytes and incubated at 30°C for I h. The plates were centrifuged at 200 g for 5 min, and the supernate removed and replaced with O· I ml of
MEM-S/20%
FCS. The E-rosette assay was then performed.
In addition, GPE were tested for their ability to adhere to T-cell-dependent areas in frozen sections of lymph node and spleen. For adherence to thymus, GPE were treated with neuraminidase and resuspended in dextrose-gelatin-veronal-buffered (DGVB) saline (Ehlen berger & Nussenzweig, 1976; Brubaker & Whiteside, 1977) . Cryostat sections 4-6 pm thick were air-dried for about 40 s, flooded with indicator cells, incubated in a humidity chamber at 37°C for 20 min and at 4°C for further 15 min. Following incubation the slides were gently washed, stained with methylene blue or paragon multiple stain, and mounted with paragon mounting medium or piccolite.
B-Iymphocyte markers
Surface immunoglobulin. For identification of surface immunoglobulin, O· 1 ml of lymphocyte suspensions was mixed with 0·1 ml of an optima! dilution of fluorescein-conjugated goat anti-rat IgG (immunoglobulin G) or O· 1 ml of fluorescein-conjugated rabbit anti-rat immunoglobulin, and incubated at 4°C for 30 min. The cells were washed 3 times in HBSS and the pellet was resuspended in MEM-S/5% FCS. Only those cells displaying more than 2 sharply stained dots on the cell surface were considered positive.
Complement receptors. Preparation
and use of erythrocyte-antibody-complement (EAC) for rosette formation has been described elsewhere (Cockerell et al., 1976) . The resultant EAC were suspended in HBSS (3 x 10 8 EAC/ml) and O· I ml cell suspensions were incubated with 0·01 ml EAC at 37°C for 30 min and examined for rosettes in a haemocytometer. Smears for examination after fixing were prepared as previously described. Specificity of EAC was determined by blocking experiments with A TS.
EAC adherence to tissue sections was achieved by flooding air-dried cryostat sections with EAC and incubating them at 37°C for 30 min. Nonadherent EAC were removed by gentle washing in PBS. The tissue was then fixed in 4% formaldehyde solution for 30 min and stained with Gill's haematoxylin and eosin or paragon multiple stain.
Fe-receptors. Membrane-associated receptors for the Fc portions (crystalizeable fragment) of IgG were detected by adherence of IgG-coated bovine or sheep erythrocytes (IgG-EA) to lymphoid tissue sections. 2% bovine or ovine erythrocytes were incubated with an equal volume of a 1 :400 dilution of anti-bovine erythrocyte IgG (Dr A. Zafranas, Department of Pathology, Ohio State University) in VB for 1 h at room temperature or for 30 min at 37°C respectively. Following incubation, the cells were centrifuged at 500 g for 30 s, washed in PBS and resuspended at a concentration of 3 x 10 8 erythrocytes per ml. Cryostat sections of spleen and lymph node were incubated with EA for 30 min at room temperature. The sections were gently washed in PBS to remove nonadherent cells and fixed in 4% formaldehyde for 4 min before staining and mounting.
Identification of monocytes and polymorphonuclear leukocytes. Smears were made with resuspended peripheral blood lymphocytes or lymphoid cells (1 x 10 7 /mi), dried at room temperature, fixed in 10% formolethanol, and stained for myeloperoxidase activity (Kaplow, 1965) .
Combined techniques
Combined indirect immunofluorescence with A TS and E-rosette formation was performed by staining lymphoid-ceil suspensions with ATS and the conjugate, washing and resuspending, and then rosetting the same cells with GPE. Combined immunofluorescence and EAC-rosette formation was performed by staining lymphocytes with conjugated anti-rat IgG as described, and incubating the washed resuspended cells with EAC. Combined determination of IgG and myeloperoxidase activity was performed by first staining for IgG then fixing smears in 10% formol-Koestner, Koestner, Krakowka & Ringler ethanol prior to stammg the preparations for perioxidase activity. Combined EAC-rosetting assay and staining for myeloperoxidase activity was performed by staining EAC smears for peroxidase activity.
Results
The distribution and number of cells (%) bearing putative T-and B-cell surface markers are given in 
Cell surface markers infrozen sections
GPE adherence in splenic tissue was observed in the marginal zones of the white pulp but only occasionally in peri arteriolar lymphocytic cutTs (Fig. 1) . In lymph node sections, adherence occurred in the cortex (Fig.  2) . In the thymic cortex, GPE adherence was achieved with neuraminidase-treated GPE suspended in DGVB only (Fig. 3) .
EAC adherence in lymph nodes was observed over primary follicles and the mantle region of secondary follicles. In spleen, EAC adherence was recognized in the mantle and primary follicles of the white pulp, sparing the peri arteriolar lymphocyte sheaths (Fig. 4) . EA adherence of IgG-coated bovine or ovine erythrocytes was restricted to the red pulp of the spleen, Table I . Percentage cell surface markers in cell suspensions of rat lymphoid tissues Means (and ranges), n = 12 for each tissue
• SIg surface immunoglobulin; EA C complement receptors; ATS antithymocyte serum. and to subcapsular and medullary sinuses in lymph nodes.
Cytotoxicity and rosette inhibition
The cytotoxicity of ATS for thymocytes in the presence of GPC was reflected by the killing of 70% thymic cells at a dilution of I :4096. In contrast, only 12% splenic lymphocytes were killed at the same dilution of A TS. Neither E-rosette nor EAC-rosette formation was inhibited by previous incubation with ATS.
Combined surface markers. Combination methods revealed that 95% EAC-rosetting cells possessed surface IgG. The majority of thymocytes (81 %) possessed both thymic antigen and erythrocyte receptors as determined by ATS-fluorescence and E-rosette formation.
Discussion
The object of this study was to determine whether rat T and B lymphocytes could be identified by various cell surface markers. It has been demonstrated that they can be reliably identified by utilizing specific cell surface markers for these lymphoid cell subpopulations.
Thymocytes were easily identified by E-rosette formation with GPE. However, the apparent lack of receptors for suspensions of peripheralized lymphocytes (e.g. PBL, lymph nodes and spleen) complicates the task of identifying T lymphocytes in these tissues using the E-roseUe assay. Attempts to enhance E-rosette formation in these cellular suspensions by using neuramidase or AET were not successful. In contrast we were consistently able to demonstrate adherence of erythrocytes to T-cell-dependent areas in the spleen and lymph nodes. In lymph nodes adherence occurred in the diffuse cortex, sparing primary and secondary (B-cell-dependent) follicles, and in the marginal zone of the spleen.
In the spleen the marginal zone represents the area of entry of thymus-derived T cells (Weissman, Warnke, Butcher, Rouse & Levy, 1978) . For lymph nodes, the diffuse adherence of erythrocytes in the cortical region approximates the distribution of postcapillary venules, portals of entry for postthymic lymphocytes (Goldschneider & McGregor, 1967) . Taken together with the results on E-rosette formation by thymocytes, these data suggest that only thymic or immediate postthymic T cells form E rosettes, and that differentiated T cells in secondary lymphoid organs lose rosette-forming capability. This would account for E adherence in entry zones of splenic and lymph nodal sections, and its absence (by dilution effect) in cellular suspensions from the same tissues.
The occurrence of this phenomenon in the rat T-cell compartment is supported by studies on the distri-Koestner, Koestner, Krakowka & Ringler bution of Thy-l antigen in this species (Douglas, 1972) . Unlike the mouse, in rats peripheralized T cells (but not thymocytes) lack this antigen. It is likely that postthymic differentiation is accompanied by the dual loss of Thy-I and E-rosette-forming capability. If this hypothesis is true, it would be possible to study cellular and biochemical events influencing T-cell maturation using E-rosette formation as an indicator system.
For other species cellular receptors for the 3rd component of complement (EAC rosettes) are present on B lymphocytes of peripheral blood and cellular suspensions from lymphoid organs (Weissman et al., 1978) . To determine if SIg-positive cells (B cells) also possess this marker, cellular suspensions of rat lymphocytes were tested with an EAC-rosetting assay. That EAC did indeed identify B lymphocytes was shown by combined assays in which 95% of SIg-positive cells formed rosettes with EAC. EAC adherence in splenic tissue was restricted to the marginal zones of the white pulp previously identified by immunofluorescence as B lymphocyte zones in the spleen of rats (Goldschneider & McGregor 1973) . In combined adherence tests, EAC adherence to splenic tissue did not overlap with zones of erythrocyte adherence. In lymph nodes, EAC adherence occurred selectively to lymphocytes of primary follicles, sparing the germinal centres.
Fc receptors for IgG on rat lymphocytes were not useful in distinguishing subsets of rat lymphocytes because of the marked overlapping of EAC and EA rosettes that occurred in combined rosetting assays. The tissue adherence of EA, however, remained restricted to the splenic red pulp and to marginal and medullary Iymphonodal sinusoids, and did not overlap with either EAC or E adherence.
Since E-rosette formation with peripheralized T lymphocytes did not occur, identification and quantitation of rat T and B lymphocytes in peripheral blood and lymphoid organs was confined to EAC-rosette formation, the presence of SIg, and of thymic antigen as determined with absorbed A TS. Although identification of T lymphocytes by immunofluorescence with rat ATS is tedious, it is, as demonstrated in this study, the most accurate T-lymphocyte identification method. It is likely, however, that newly-developed monoclonal antibodies to rat T-Iymphocyte antigens will be better reagents, and certainly will not require tissue absorptions before use as does A TS. Identification of B lymphocytes by demonstration of Slg and EAC are the methods of choice for this cell subpopulation.
